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Abstract of JP2002230986 

PROBLEM TO BE SOLVED: To provide a 
nonvolatile memory which can perform 
synchronous reading with a frequency higher 
than a frequency which can be used now for data 
stored in a nonvolatile memory and which is 
operated by a burst reading mode. SOLUTION: 
This nonvolatile memory (10) is provided with an 
input pin (2) receiving an external clock signal 
supplied by a user, an input buffer (4) receiving 
the external clock signal and supplying an 
intermediate clock signal relating to the external 
clock signal and being delayed, and a delayed 
lock loop (12) receiving the intermediate clock 
signal and supplying the intermediate clock signal 
distributed in the nonvolatile memory and 
synchronizing with the external clock signal 
substantially. 
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I.. Title c f I d v e d t i c c 
SYNCIIKO.MOUS-READING NONVOLATILE MEMORY 
2 . Claims 

1. A nonvolatile memory comprising: 

ao ioMt ccufiprcd to receive an e r t e r n a ! clock s i g d a ; supp 
lied by a user: . and 

3 clock generating means including a delay locked hop means 
, said c I c c k g e o e i a t i n g ra c a c $ connected t c " said input . configured t c r e c 
eive said eiternal clock signal from . said input and configured to supply 

an ioterna! clock signai to be diftributed into said Eoavolatile mcmu j 
f based tpci siid citciDiiclGcksifnaL 

• 2. The ocmclat ! !e memory according to claim i. wherein said c! 
ock general iaf means further include an i n p □ t means connected between sa 
id input of said nonvolatile memory and said delay locked iocp means, sa 
id input means having an output; and v b e r e i o said delay I c c k e t 1 c c p mean 
s includes a p r o g f arama b i e delay means having a first input connected tc 
said output of said input means and at! net. put cor figured tc supply said 
ioterna? clock signal, said programmable delay means mcrecrer baling a s 
eccnd inpot configured tc receive a selection signal for selecting a del 
ay tc be introduced by said programmable delay meaos such as tc bring sa 
id internal deck signal substantially in phase * i t h said external clock 

signal. 

3. The nonvolatile memory according tc claim 2. *fce;cic said pr- 
ogrammable delay means includes a delay chain, and a selection means ecu 
nectca tc said delay chain, said selection means configured to x e c c i ? e c 
a an inpot said selection signal lot selecting the delay to be introduce 
d by the delay chain. 
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4. The ac 5 c i a ti ! c acr.*:? acceding :o c 1 a i nr 2. *h?"f ; r ?gii de 
i 2 y chain i s c ! o d e 5 a p I y : a ! i t :■" ? f d c I a r c c ! ! s cascaded together. 

5. The Dcnvi; ! a I : !c fDcxcry ac^crLing vu chin 1. wr.ere ; n s? : i ?f 
lection means includes a shik register c canceled to said deiaf eel is . 

S a i 5 Shift register c C 5 f I J U : c d t u a c 1 i ? a : c a a ; deactivate the dels y cell 

c 

> • 

6. The n c n v c I s 1 1 I e itcmerj according :c claim 2. wh c * e : n sair de 
lay locked iccp means further includes a phase de:ecti eg means ecu: i Jure 
d to receive en a f i i s t i s p 1 1 said e x r c : o a 1 c 1 c c k s ; g c a i a o d t s r e c e : v e 

c r. a second input s a i .i ; n i e r c a i cluck signal ♦ i u i c c q f i g k r e d to supply c 
n an output said selecting fig&ai :c said p r c g r amnia b : e delay means, sai: 
select icr. sigca- being a fenctien c! :he phase shift bet (Tees said exttr 
n a 1 clock signal and sals interne! clock signal- 

1. The ncMdatiie iteirorv acccrfing ic ciaim 6. wherein said fi 
rst input of said phase g* tec ting mean is connected io ice cutpu! cf sa 
id input means; and wherein said delay locked ■ c c p means further include 
s duroraj means so arranged between the output of said p r o g ; a ainia fa 1 e delay 
means and said secend inpat cf said phase detecting means to simulate th 
e delay introduced by said inpa" rccaos. 

8 . The n r n v c ! a : i ; e me flic r y a c c c : d i c g i c ciaim 7 . w h e r e i t said in 
put means i n c : e d e 5 an input btlfer. ace said d n m si y means includes a dumni 
F bo f f e r . 

9. The ocnvciatile memory according r« claim 2, Therein said de 
lay locked !ccp means further inc. lades a driving means connected tc the 
cutpu: cf said programmable del a? means . 

10. A nonvolatile memory comprising: 

means for r e c e i 7 : o g an externa I c ! p, c k signal l ti p p ! i c ;! by a a 

s e r ; 

means for generating an : n t e r a a " dec* signal based upon the 
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received externa! clock sign?;, the means for genera;!"? sn in ten: cl 
c c k signal including nicaas Ic: delaying i!ie internal cicck signal r e ! a ? i 
v e to the c s t c r n z ! c i o c k signs'.: a a i . 

means f c r distributing the interna! clock signal through tie 

n c d v c i a t i i c memo; y . 

11. The o c a v c ! a : i 1 c in c it c r y according I c c ! a ; nr. 10, w h e r e i c s a i o m 
e a e s lor delaying the i a l c f fl a 1 deck I i g t a : f c r t b e r i n c 1 o d e s a means f c r 

p r c g i a mm i ng a delay by an a coed thai 1 1 c ioteroa! cicck signal is del a 
ycd re;ati*e tu the cite ma I cicck signal Lli rough a means for receiving 
a s e 1 e c ; i c n signal for selecting a delay to bring the i o i e : n a 1 clock: s : g 
n a I substantia!!? in p h a s e with the externa! cicck signal. 

12. The nonvolatile see m c r j according i c c ; a i ru 11. jt o e r e ; n the me 
an* for pr cgrammicg a del a? ice! tides a means fo: chaining delays :c be a 
ppliea to the i c t e j d a I elect signal. 

13. The nonvolatile memory according to claim 11, ^herein the me 
a n s fcr delaying the i o c c i & a 1 c!cck signal fur: her includes a means for 
detecting a phase s b i 1 t be t w e c n the external clock signal a a d the intern 
a 1 elect signal, the select i o d signal being a ' u q c : i c o of the detected p 
base shift bct^ceo said external cicc* signal anil said interna! cicck si 
goal. 

14. The nonvolatile memory according :c cl aim 13. wherein the me 
ans Icr programming a delay further includes a means fcr inputting a del 
a; 7 to the means fcr detecting a phase sfeif:, I fa c simlatcd delay sobstao 
tiaily equal to delay between the extcinal cicck signal and the internal 

cicck signal t ntrcdnced by portions cf the means fc: generating an ime 
roai elect signai ether than the means fcr delaying ;he internal elect s 
i goa I . 

3. Detailed Description cl Invent icr. 
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The present : n ? e n : i c n : e 1 ? t e ? : c a syrchrcrcus-reading n t s * c ' a : : I c 
memory. 

As is known, tc mce: the cottiaccis demands fc: increase :n rcauo 
g peifcimaBCc of F I a s h-EEPJOS memories, new modes ill reading have been i 
Dlroduccd, which ^ e r e a ? r e 3 d 7 used io ether types c f ni e m g r ; € s T such as D 
RAM and SRAM memories, in particular the scca : 'fd 'page mGde 3 reading, 
i d a- 1 1 c b the memory is read id pages each c I which c c n t a i o s a variable c 
umber c I *crds, a do the s c - c a 1 1 e d ''burst mcoV reading, in «" £ c t . ins tea 
d, sjDcfcr 000 as readings of ccnsecuti*e words 3 r e per ferine c at a freqneoc 
y s e i by a deck s i g c a i supplied J : ore c a : s ,i d e b j the user (if the memory . 

Thanks tc the (act that the burst reading node enables a fie* cf i 
a: a synchronous with the clock signal, it" is increasingly mo r e often imp 
lemented io ( ! a s h-EEPKOM memo : i e s . even though it does net aiicw extreme 
If high reading frequencies tc be achieved. 

In fact, if Tq^ indicates the period of the external clock signal, 

^BURST synchronous access time defined as the time interval elapsit 
g between the edge u( the external clock signs! representing the requesi 

fcr supply cf data on the output of the mesne ry asd the instant in time 
in which the data arc effectively present on the output cf the memory, a 
ad ^ c * m * ^ :is ? c * data J * citpct with respect to t 

he ssb sequent edge of the clock signal a: which the cut. put data wili be 
sampled and acquired f r cm outside the memory (i.e., the minimum time fcr 

which the dita present on tic output cf the memory mat remain stable p 
rior tc the edge cf the externa! clock signal fcr the data tc be sampled 

and acquired in a valid way, fo; example by the micro processor tc which 

the nonvolatile memory is a 5 so c i a :c d) . l b e 0 the following relation appl 

iet T CR sT BURST ;T SETUP- 

Ccnseoocnt I y , given that in f I a s t -E EPROM memories according tc the 

prior art operating in burst mode the data setup time Tjgj'jp accord 
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ing \z the design $ pec i f i c a : i cc r. crrcnt if a d u p : e a . apprcx ima ic !y 5 is. a 
nd the srncrirciiGus access time Tgjjjjrj currently achievable is app:cji ima: 
ely 10 ns ; it it a v immediately bp rcuclised that 2 reading frequency cf a 
pprcximalelf 66 >Ht2 !T^=!5ps) represeEt? an upper limit that casnct be 
exceeded in flash-EE PROM memories according tc the prior art. 

The value c f the reading frequency indicated a be v c is t 1 e a a l fi c o r 
e t i c a 1 limit that : s p r a c t i c a : i y n c ; achievable in any c ( the a p p 1 : c a t i c 
as in which nonvolatile memories are supplied Fiifc lew supply voltages, 
in parti ca la: vc It ages lever than I. IV. 

For a belter i n d e r s t a o d : a g cf what ha; jnsi b s e t described, Figerc 
s I anii 2 respectively s b g the path fcifc*ed in a nonvolatile mercery ac 
c c r d i g g • c the p i : c i art by the e .x r e r r, s " c ! c c I signal supplied b j the o s 
ci, and the time relation existing between the external cicck signal and 
the ciccli signal generated inside the memory itself, in I e I a t i (H to the 
transitions of the data present co the outputs cf the mercery. 

In particular, as is shewn in Figure 1 , where c c I y the parts c f I h 
e nonvolatile memory " 1 esefsl for o ade ? s t and i ng the problems thai the pr 

* 

eseut mention aims at solving are illustrated, the external clock sign 
al CKgsT is supplied by the user co an inpet pin 2 of the memory i, *b;c 
h is connected tc an input buffer -1 essentially consisting cf a NOR iogi 
c gate that has a first input receiving the external cluck signal CR^f, 

a second input receiving a chip eoab'e signai CE ? also supplied bv the 
nser on a different input pin 6 cf (he memory 1, and an carpal supplying 

an i n • e rrned i a : e deck signal CKj^. 

The intermediate ciGck signai CK[\j is then supplied tc an input of 

a driving device 8, which supplies on as cut per an interna I clock signa 
I CE|\jf which is then distributed inside the memory i and hence repiesen 
ts the clod signal effectively used by all the devices inside the m eroc i 
y » and with respect tc which all the ope rat ices are timed. 
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[c p a ; t : c I a : , the interna! c * o c k s : f n b : CKj^j is d e ! a v e d res 
pect tc the enemai elect s i g ^ 3 1 CSfjy by a time equal tc the syai cf tb 
e switching time of the i r; p u l bcMc; 4 and the switch: n? time cf the d r i 
v i b g device ! . 

F r g ra the above i! is therefore immediately understandable that the 
svachrencus access iirae rg^-p is tie sum c( i^c c c a t j i b u t i ens . toe [ir 
si ccQtribcticE consisting g( the dciay between the external clock si go a 
I C K £ 5 j and the interna; cluck signai CKj^t (typically quantifiable at a 
pprcxirnateij 5 as), and the second cQotiibolicn consisting cf the delay 
Titti irliicli the data are effectively present en the cm puts cf the memory 
1 with respect tc the rising edge c! the* internal clcci sigcal CX^-p. * 
hich xeprescriE " the request fcr supplying data co the cupcis cf the nee 
cry 1 (aisc the latter delay being topical iy qaactiliabic at approximate 
It 5 ns) . 

Figure 2 she*? the time relation existing between the externa! cic 
ck signal CK £ 5 j , the internal clock signal CK|yjj. and ibe transitions cf 
the data tc be read on the cut pats cf the me rainy I, ve i » h reference tc a 
n d d - v a I id reading condition cacsed by failure :c comply *ith the design 
specification that is c 6 omen It adapted for the Lime cf setup of the cut 
put data & i t h respect t c t b e next rising edge c f the externa: c 1 c c k sign 
ai at which the said data are sampled and acquired from outside the nemo 

17 I. 

In particular, in burst racde reading, start cf reading cf the data 
is centre! led, as is knc*n. by causing variation cf the Logic level cf 
a control signal "ADDRESS LATCH" supplied by the nser to an input cf the 
memory.. 

In detail, when the start reading control signal "ADDRESS LATCH" 1 
5 s ume s a lew level, the 8 ADDRESSES' cf the 1 DATA' tc he read supplied by 
the use; tc the input cf the memory I are acquired, and, during a pre-s 
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ei tirce interval re fen c: ic 3: * iaicacr". :hc cat a are read by -he in t roc 
rj- cells. temporarily transferred into intern; regis : e r s cf ihc memory 
1. a sd f r era the htter thee [ t a cs f e r red en to the c 3 1 p s : 5 cl lie raeioorv I 
itself, where they are read) ts be sampled and acqcircd f x on: oitsiue t b 
e mercer? I in a synchronous way a: the jising edges cf \l\t cx'.erua! cicc 
k s i jna ! CKfcj. 

In particular, the 1 a r e r c y time is indicated bf i h c raaou facte re; i 
n the specifications cf t b e fion?c!a:iie mercery a? a function d the free 
uencj cl the externa! clerk signal CJggj (in s s fa; as it is tied by the 
random access lime), it can tie se: es:ernal!v by the user, a » d may typi 
caliy be r a r i e d f r cm a minimum cf t*o :c a m a s imcin cf six periods c f the 
externa; deck signal • 

C c d E e q c e n t i ; . usee the data t c be read are supplied c n the u u t p u t 
s cf the memory 1 synchronously *;tfc the interna! cScck signal CK| Vf , bu 
t are read f r cm cuts i rf e sfnekreocis i j with the externa! cluck sigcal C K 
jj, they are net stable at the c u t p u i fcr a: : east a time iatcrvai equal 
:c the data setup time Tjetijp (5 ns) p;:cr tc the next edge of the extc 
rnal deck signal CK £3 ^ at which :he output data are sampled, so that re 
adiofl cf the data dees not prove valid. 

In crder. therefore, U present occirreace of nun-valid readings, 
in BG07Clati ;e memories according 11 the p r i c r a : : the m a 1 i nm ra reading f 
reqoency achievable cannot exceed the 65 MHz referrei U abinc, and this 
constitute* a : i m ^ t a t i € n that slews rim» fast diffusion cf tie bars: re 
adiog mode in f 1 a s b-EEPBUU merceries. 

Embodiments of the present invent ice provide a nonvolatile memory 
operating in b d r s t reading mcde that enables synchros c is reading cf the 
data stored therein at f r e q a e n c i e s higher than these current ly a c h i e v a b ; 
e . Other aspects and features are discussed below. 

Aspects include at input receiving an external clock S 
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ignal supplies by a sser. as:- clock gent; a ting means r c c c : - i r 5 said exie 
r q a 1 clock signal a ad e 1 p p i y i 0 { as interna! clock signal d i s 1 • i b q : € ri in? 
G Said nonvolatile memcry where • c s i? : -J clcck gcterating racars c u m j> r i « e d 
el a? locked Jeep means. Other features 3 go advantages of the invention 
vili become apparent from the fci icwing detailed description, taken in c 
go j toe tic- 1 ritl the accompany i ng dra-iags. Otlcr feat ore $ and ad^actace 
5 c( the invention rill become apparent from the fcllcwicg detailed desc 
ripticn. taken i a con j one 1 ion »:tl ;be accoiGpaciing drawings. 

Fcr a better understanding cf aspects cl t he present i 
nvcoiion, a preferred embodiment thereof is no* described, pure;? tc pin 
tide a ocn-1 imi t i ng eiampie, * : itb reference tc tie attached drawing*. 

The present invention is bases opoe tbe principle cf increasing th 
c maximum frcqccscj cl data reading is a fiasi-EEPROH ncorclafciie memc r jr 
by eliminating the delay cf the i sterna I clock signal CK IST with res per. 
1 tc tbe externa! clcck stgna! CIjjjj; the redaction it the syochicncus a 
ccess time Tg^jj deriving therefrom makes it possible to achieve read i q 
g frequencies in the regies cf 9 0 — 1 0 0 MHi. 

In greater detail, acccrdiag t c the present invention, c 1 1 m I n a t ice 
«f tbe delay of tbe interna! clock sigsal CK|^ *^ tD aspect ic the exi 
ernal clock ngaai G K E 5 T is obtained using a delay locked iccp (DLL) arc 
hiteciure, ia ^ b i c h the pc:i<dic:t» cf the external clcck signal CKgjj i 
s exploited to generate an i 0 1 e 1 n a i clock signal CKj^ T , which may even b 
e perfectly in phase with the externa i c i r c k signal CK £5 j • 

Figure 3 shews a flash -EEPRO.M nor>?c;atile memory having a DLL arch 
itecture which enables generation of an interna) cicck signal UX j in p 
base with the externa' clcck signal CK£ - * 

In particular, Figure 3 $bc*s enly : b e pa-ts cf the nonvolatile roe 
raory, which is designated br 10. that are useful fcr an understand ing cl 
the present invention; i a aridities, the pans that are identical to the 



Best Available Copy 

(& 6 ) )02-230986 ( P 2 0 0 2 HR 



se cf Figure I are designate: fay the sane reference numbers. 

Id particular, as is s h c; x D in Figcre 3, >ht externa, clock dffnal 
GK E5T is supplied tc sr. input bsflcr.4 idtmica' u the cr.e described w: 
ih reference tc Figtie 1. which gercraies od an cuiput a flist iuteimtdi 
a ! e clock signal CK[ ^ . 

The first i a t e r Die d i a i e c : c c k sigaa: CX m is then supplied tc an i 
D P Qt c( 3 it[ *> 1 « c k e d !ccp 12 basically comprising a pr cgr amrnab i e delay- 
circuit 14. a driving device 8. a dummy buffer 16. and a phase derecicr 
18. 

In particular, the p r « g r amma b ] e aday circuit H receives en an in 

* 

put tbe first intermediate deck signa; CK (Nl; supplies cn an output a s 
eccnd i o i e rreed i a :c c i c c k signal CSj N2 delayed s;:h respect tc tbe first 
ioienoed iaie deck signal CK m by 3 pr eg: amms b ! e ri e r 3 7 1 and c cmp rises a 

delay cbaio 20 formed by a plural::? cf delay cells 22 cascaded icgetbe 
J and selecihdy a c t i v a i a b i e/d ea c t i f a : a b ; e by 3 shift register 24 bavin 
g the function cf sclcciog tbe deiaj i n : r cd e c ed by the delay chain 20. 

Id the example shown, the delay rfeain 20 is fcrired by 64 delay ce! 
is II, eacb cf which basically consists cf t*c logic inveiiers cascaded 
together C f o J example, obtained by means cf NANS logic gates rbat arc se 
iectively act i rati bie/ti cacti va table by means cf an enabling/disabling si 
gna! supplied to I he inputs cf said gates) a rd conveniently introduces a 

delay c f 0.5 0 s . 

The second intermediate ekek signai CK j S2 s « p p I i c a tc the icpu 
t cf the driving device 8. which i? identica 1 tc the drinng device 1 of 
Figure I and supplies cs an citfot an intcnal deck signal CRj NT which 
i.s then disiribntes inside tbe memory 10, and wbich bence represents tb 
c deck signal which i.s used by ail tbe devices present inside the raemcr 
y and with lespect tc which ad the operations are timed. 

The internal deck signal CKj^t is moreover supplied ic the input 
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cf the dummy buff?: 15, ^ h : c h is a'.'.ogetser iienlica! tc the input bcffe 

r 4 in c r d e r t c si m o ! a t e the switching it I a j i 3 1 r c d i c e a by the i n p t t be! 

fcr 4. and supplies on an : a ic-rany clock signal CKpgjjjjy. 

The dummy cic<k signal C K q\j_vv] Y * s tl ^ CD s a p p . i c d -c a first input c 

f the phase detector 18. which moreover receives, cd a second input, the 

first intermediary elect signs: CKj^j. tlecexininus tbe phase stift exist 

ing between the internal clerk signal C K • ^ -|* and the first intermediate c 

leck signal CKj^j, : and then supplies ci the cut puis the {clicking three 

signals, which arc m turn s o p p i i e d r c : h e inputs of the shift register 

2 4 of the programmable d e » a r circuit 14: a cluck signal CKp for timiag t 

« 

be operation c I the shift register l\ itself, a delay c c o I r c 1 signal E I T 

t c increase i b e delay* i c t r c ri c c e d by t i e delay chain 20, and a c advance 
cc one! signal ANT tc reduce the delay iatrcdeced by the delay chain 20. 

The shift register 24 rr c i e c v e : h a s a plural i t r of c u i p ii t s . each c f 
w h i c h is ccunected t c a respective delay cell 2 £ t c centre! activation 
and deactivation thereof as a f u s c t i c c of tbe delay c c o i r c ! signal RI T a 
nd cf the advance centre! signal ANT. 

In particular, the delay central signal KIT and the advance cootie 
I signal ANT are poise-type signa is, the pclses cl which respectively cc 
n t r c I increase and resection c f tie delay intiodoccd by ike delay chain 
20 in order tc bring the interna! clock signal CKj^-p perfectly in phase 
ffitb the external clock signal CRg - j . 

In addition, the delay cl the Mrs: intermediate clock signal CKj^ 
j may be obtained in a simple *ar by exploiting the structure of ;he del 
ay cells 22. In fact, since each cf these cells is formed by t»c SAND 1 
cgic gales cascaded together and selectively act i?a table by means of an 
appropriate e oab I i ng/d i s a b 1 i ng signal supplied tc the inputs thereof, tb 
e first intermediate deck signal CK|^ can conveniently be supplied to 
the input of all the delay cells 22, a n c its effective i n j e c t i n n within 
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: h e i e ! a y chain 20 can be n b 1 a i o e i calf a : a specific delay c 6 ! 1 22. in 
such a way that tie delay isircciuccd by the delay chain It between said 
specific eS c : a ? cell 22 ana -be !?u delay cell 22 c f tie chain is precis 
ely the desired c n c . 

In this *ay, then, Lac selection cf ike oumbe: cl delay cells 22 t 
o be activated id order t c achieve the desired d e ' a t can be c b • a i c e i by 
the shift register 24 £ i n: p ! t by issuing a c cniDia rs d for disabling the dela 
y cells 11 \ c c a t e i c- p s t : c a n v ( the specific u e '-. a y cell 22 t b a t determine 
s irijecticn cf the first intermediate clock signal CKj>jj frith id the dcia 
y chain 20, in such a v~ay that the delay ceils 22 located upstream are n 
en-pa ssing with respect :c the injection cf the first i n t c xme d i a I c deck 

signal CKj^j supplied tc the inputs thereof, thus prc?cat:ag. among cth 
er things, unnecessary CGDStmpt Idd by e lenient s that are not used, whilst 

ihe delay cells 22 located downstream cf tic specific delay cell it tha 
t determines inject ice- of the first i n t e r ries i a t e clock signal CK)\u with 
in the delay chain 20 are c c n t \ k 1 i e i in such a way as t c be passing with 

respect to ihe deck signal coming frcra the preceding delay ceil and no 
n-passing with respect tc the first intermediate deck signal CKj^, . 

In esc in a cyclic way the phase dctccto; IB determines the phase 

shift existing between the d umrar elect signal Clg-^yy and the first :nt 
e: mediate deck signal CK|\j| and generates a delay control signal KIT or 

an advance centre! signal ANT tc cent id the shift register 24 in such 
a way as tc increase or decrease the cumber cf c e lay cells 22 activated. 

in c r d e r t c obtain an overall g 1 1 a ? c 1 the delay chain 20 such as t c re 
duce the phase shift between the dummy clock signal CX jjy^MY aa ' l ' lc "*' s 
t intermediate elect signal CKj^>. and these operations continue tc be p 
erfcrmtd until the dninray cicck signal CKjujjjjy is delayed with respect to 

the first intermediate cicclt signal CKjjj exact'y by one pericd cf the 
first intermediate clcck signal CKj^ it? elf. ans consequently is per fee 
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r : y in p h a s s » i t 1 she I a t ; e : . 

Since the I list i d I e r me : : a t e clock sigra! is C G G S ; i i E : c Q by 

the externa! deck sign! CK^j dehy.e: b? ar anient eq«a; :c the r*:lch 
ing time cf the input buffer 4. and the iemmy cicck s i g ?? a : CKj^y is CO 
nsiiiated by the internal cicck signal CKj^y delayed by as a m u o n *: equal 
to the switching time cf the dsrrmj buffer I6 r there ccrrespccds the c 
liminaticn ci the phase shift beuetn the dominy deck sigsal CRtjpviy aD ^ 
the first intermediate clock ^ : g q a i Ciw\]j the el in in at its cf the phase 
shift existing between the intern! deck signa: CK j and the e.s:eroa! 
clock signal CK £ - j . 

Consequently, once the s c - c a 1 1 c d 1 o c k i 3 g t i rt e necessary for the c e 
lay locked leep 12 f c i elimination lie phase shift existing between the 
interna! deck signal and -lie externa! clock signal CK£gy has elap 

sed. the interoa! deck sigtai CKj>jj \\ perfectly in phase with the exte 
rnal clock si goal CKgjj-p; in this vr a f , one cf the c c n t r i bo t i c 5 s to the Ig 
rmaticn cf the synchronous access time TgTj^gj is eliminated, and it is t 
herefcre possible tc increase the maximum reading frequency op tc the va 
i i e s referred I c previcus ly. 

Figere 4 shews a graph similar tc that of Figure 2, from which it 
is possible t c bee clearly the e 1 i id i a a t i c o o i the phase shift existing b 
ei*een internal clock signal CK j ^ j and the eiternai cicck signal CKg^f, 
and the valid reading deriving there from. 

When a DLL architecture is tsn fcr generating the internal cicck 
signal ^j>JT» the user of the memory 10 simply needs tc supply the exier 
oa! clock signal CK ggj *dh an advance sufficiert tc enable the DLL to I 
cck In phase with the external cicck signa: CKpjf itself. 

Alternatively, locking may be achieved daring a self-learning step 
prior tc data reading, which may be activated by means of an app'epriat 
c control signal, and curing which the external elect signal CKjjjt is su 
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pplics tc the mercer v !0 in ssch a way :c t !: previous ! ;« the delay in; 
reduced by the p r c g : arama b 1 c delay circuit. Wi;h this rudaiiiv. i: siraul 
y re ma ids fcr the am tc supply tc tie mercery 10 the externa* clock si? 
na! CKgjq- with an advance c( a single period, since lucking c f the delay 

I c c k c i 1 c c p 12 has already t a k c d place- 

Fcr example, the ccmrcard for arti?a-ic[ cl t b e s e i f - ! e a r n ; n g step 
c c u ! d be issued imrae j ia t e ! y alter p c • e : - c n cf tte id c id u r v 10, and in this 

way the delay locked iccp 12 wis; nc icnger need ic be rc-J cck^d in p h a 
se with the external clcck signal, in sc far as a t y possible temperature 

variation? *i;l be eliminated Titinit the lc.:k c c n; m 3 n ri having :c he iss 
u e d again, 

He arfTanta^c!? that, the pre sen: invent ict affcrds emerge ciesriy t 
rem an cxami cat ico cl the cha : a c t e r ! s 1 i c s presented here it. 

Final:?, it is c:esr that men: I : f . a r inns ana variations ma? be made 

* • 

tc the Invention described a n r iliostrar.ed herein, witnest thereby depa 
rting from the sphere cf prctection. a? defined in the attached claims. 

Fcr example, tie number cf delay c e ; \ s 22 n ! the delay chin 20 an 
d their corresponding d c 1 a 7 c 0 c • a be different f r c m what is described he 
rein, in sc far as tleir number and delay cbvicasiy depend open the rang 
e cf reading frequencies thai it Is aimed ic cover, as well as up c c ;he 
delay that i : is t c be rcccrcrcri. 

Frcm the fcregcing it w : ii be appreciated that, aiticogh specific 
embodiments cf the invention have been described herein fcr purpose* of 
i Host rat ion. various mod xfica* :oe? mav be made vithcat deviating frcm t 
he spirit and sccpe cf the i 0 '/ e n : i c n . Accordingly, the invention is net 

limited except as by the appended claims. 
i . Brief Description c f Drawings 

Figurel shows the path cf the external clock signal supplied by th 
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t eser in a scnvelatne memory according tc (he pjioi a:t: 

Fi^re? 5 b g v s the time re^iicc uisiing. :o a n c n v c i q : : ; e m c t» c r y 
ucorriins ic the prior an , between l.fec ci t e : C3 ! c luck signal s tj p p : i c ri b 
7 the user cf the memory and the elect signal usee inside the ipemr tf its 
elf in r e ! a t i c i t c the t : a n s i t i c e s c I I fa c data present c d tie c a t p a t c I 
r fc e memc r ? : 

FipareO shows the path of L I: c external cluck signal supplied by th 
e user i * a nonvolatile memory according tc tie present irvemicr-; ace 

Figure* shc*s the time r c 1 a t i c d exis:in,«. in a onnvolanie memory 
according tc the present i n v c ii : i u e , between the ex Urea? reck sigral so 
pplied bj the user cf t b c mercery aod the cicck sigoa! used ioiide the me 
* cr ? ir S«:f i ft relation to I he t rat si liens cf tbe data present cn the cc 
"pot c f the memcry. 
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Dcseiibed herein ^ a D'jn ?c ! a t i I e yhenso r y c c m p- r i s : e g an input pia r 
e c e i y i n g an e x 1 1 j g a I c 1 e c k^tag^. : 4 »i*#p'P ! : . e d b t a user: at i n p i i b u II c r r c 



c e i v i n £ the externa I cluck signal and supplying an intermediate deck si 
g n a I delated vr i i h r c : p e c ; to the c.\ t c f n a I clock signal: and a delay I c c k 
e t ! c c p receiving the i nteimediatc deck signal a a i supplying a o i o t e r n a 
1 deck s i g n a • d i s t r i hu ted within the noovcialile memer? and substantia! 
It i 8 phase with the external deck signal- 
2 . Representative Drawing 
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Figure 3 



